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Abstract 
'XHWRLQFUHDVLQJDPRXQWRIWH[WGDWDDYDLODEOHRQLQWHUQHWLWEHFRPHVGLIILFXOWIRUXVHUVWRJHWWKHGHVLUHGLQIRUPDWLRQTXLFNO\,Q
RUGHUWRUHGXFHWKLVDFFHVVWLPHDVXPPDU\FRXOGEHXWLOL]HGJHQHUDWHGXVLQJ$XWRPDWLF7H[W6XPPDUL]DWLRQ,QJHQHUDOLWFRXOG
EH H[WUDFWLYHRU DEVWUDFWLYH)RU H[WUDFWLYH WH[W VXPPDUL]DWLRQ LQZKLFK UHSUHVHQWDWLYH VHQWHQFHV IURP WKHGRFXPHQW LWVHOI DUH
VHOHFWHGDVVXPPDU\YDULRXVVWDWLVWLFDONQRZOHGJHEDVHGDQGGLVFRXUVHEDVHGPHWKRGVDUHSURSRVHGE\UHVHDUFKHUV,QWKLVSDSHU
ZHH[SORUHGIHDWXUHEDVHGH[WUDFWLYHDSSURDFKHVIRUWH[WVXPPDUL]DWLRQ:HSURSRVHGDIHDWXUHSULRULW\EDVHGILOWHULQJPHWKRG
IRU VXPPDUL]DWLRQ )RU WKLV SXUSRVH ZH XVHG VHQWHQFH ORFDWLRQ DV PDLQ IHDWXUH DQG RWKHU IHDWXUHV LQ SULRULW\ WR ILOWHU WKH
UHGXQGDQWVHQWHQFHV([SHULPHQWDOUHVXOWVRQ'8&GDWDVHWVVKRZVWKDWRXUPHWKRGSHUIRUPVXQLIRUPO\DVFRPSDUHGWRWKH
EHVWUHVXOWVIRUSDUWLFXODUFRPELQDWLRQRIIHDWXUHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\


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.H\ZRUGV$EVWUDFWLYH&OXVWHULQJ6WDWLVWLFDO([WUDFWLYH6XPPDUL]DWLRQ7HUP)UHTXHQF\
1. Introduction 
:LWKWKHLQFUHDVLQJDPRXQWRIWH[WXDOLQIRUPDWLRQRYHUWKHLQWHUQHWLWEHFRPHVGLIILFXOWIRUWKHXVHUVWRILQGWKH
GHVLUHGLQIRUPDWLRQTXLFNO\7KH\KDYHWRORRNXSZKROHWKHGRFXPHQWWRJHWDJOLPSVHRIDFWXDOWKHPH$XWRPDWLF
WH[WVXPPDUL]DWLRQVROYHVWKHSUREOHPE\JHQHUDWLQJVXPPDULHVWKDWFRXOGEHXWLOL]HGDVDFRQGHQVHGUHSOLFDRID
GRFXPHQW RU D VHW RI GRFXPHQWV 7KHUHIRUH $XWRPDWLF 7H[W 6XPPDUL]DWLRQ FDQ EH GHILQHG DV WKH SURFHVV RI
FRQGHQVLQJ WKH VRXUFH WH[W GRFXPHQW RU VHW RI WH[W GRFXPHQWVZKLOH UHWDLQLQJPDLQ LQIRUPDWLRQ FRQWHQWVXVLQJ D
DXWRPDWLFPDFKLQH$XWRPDWLFWH[WVXPPDUL]DWLRQFRXOGEHFODVVLILHGPDLQO\DVH[WUDFWLYHDXWRPDWLFWH[WVXPPDWLRQ
DQGDEVWUDFWLYHDXWRPDWLFWH[WVXPPDUL]DWLRQ,Q([WUDFWLYHDXWRPDWLFWH[WVXPPDUL]DWLRQDVXEVHWRIVHQWHQFHVIURP
WKHRULJLQDO LQSXW VHWRI VHQWHQFHV LV VHOHFWHGDV VXPPDU\ ,Q$EVWUDFWLYHDXWRPDWLF WH[W VXPPDUL]DWLRQ LPSRUWDQW
WRSLFVLQWKHWH[WXDOXQLWDUHLGHQWLILHGDQGQHZVHQWHQFHVDUHIRUPHG9DULRXV7D[RQRPLHVDUHJLYHQIURPGLIIHUHQW
DVSHFWV IRU WH[W VXPPDUL]DWLRQE\ UHVHDUFKHUV6SDUN-RQHV>@+RY\	/LQ>@DQG0DQL	0D\EXU\
>@GLVWLQJXLVKHGWH[WVXPPDUL]DWLRQSURFHVVIURPLQSXWSXUSRVHDQGRXWSXWIDFWRUV5HVHDUFKLQWKHDUHDRI
WH[W VXPPDUL]DWLRQ VWDUWHG IURP 
V DQG WLOO QRZ QR V\VWHP LV DYDLODEOH WKDW FDQ JHQHUDWH VXPPDULHV DV OLNH
SURIHVVLRQDOVRUKXPDQV*ROG6XPPDU\0RVWRIWKHUHVHDUFKHUVIRFXVHGRQJHQHULFH[WUDFWLYHVXPPDUL]DWLRQLQ
WKHLU UHVHDUFK FRQWULEXWLRQV *HQHULF VXPPDULHV EDVLFDOO\ UHSUHVHQW RYHUDOO LQIRUPDWLRQ FRQWHQWV LQ FRQGHQVHG
PDQQHU7KHEDVLFSURFHVVIORZRIJHQHULF([WUDFWLYH WH[WVXPPDUL]DWLRQ LVVKRZQ LQ)LJ3UHSURFHVVLQJ LV WKH
ILUVW6WHSLQZKLFKVHQWHQFHVDUHVHJPHQWHGXVLQJDSSURSULDWHPHWKRGV,QJHQHUDOÄ’$QGÄ"’V\PEROVDUHXVHGDV
VHQWHQFHHQGPDUNHU6WRSZRUGVDUH UHPRYHGDV WKH\GRQRWFRQYH\PXFKPRUH LQIRUPDWLRQ UHODWHG WR WKHDFWXDO
WRSLFV RI WKH WH[W VXPPDUL]DWLRQ 6WHPPLQJ LV SHUIRUPHG XVLQJ DQ\ VWDQGDUG PHWKRG OLNH 3RUWHU’s 6WHPPLQJ
$OJRULWKP


)LJ*HQHULF([WUDFWLYH6XPPDUL]DWLRQ3URFHVV

7KH VHQWHQFHV FRQWDLQLQJ XQQHFHVVDU\ LQIRUPDWLRQ IRU VXPPDU\ OLNH ³)LJXUH´ DQG ³7DEOH´ DUH UHPRYHG DIWHU LW
$IWHU3UHSURFHVVLQJWKHVHQWHQFHVDUHVFRUHGXVLQJYDULRXVZRUGOHYHOVHQWHQFHOHYHODQGJUDSKOHYHOIHDWXUHV7KHVH
VHQWHQFHV DIWHU VFRULQJ DUH VHOHFWHG LQ WKH VDPH RUGHU DV WKH\ DSSHDU LQ WKH RULJLQDO GRFXPHQW LQ WKH VXPPDU\
JHQHUDWLRQ SKDVH 2WKHU WKHQ JHQHULF VXPPDUL]DWLRQ XSGDWH VXPPDULHV TXHU\ IRFXVHG VXPPDULHV VHQWLPHQWDO
VXPPDULHVHWFFDQDOVREHH[WUDFWHGIRUWKHWH[WEXWLWGHSHQGVRQWKHSXUSRVHIRUZKLFKVXPPDUL]DWLRQQHHGVWREH
SHUIRUPHG7KHUHDUHHIIRUWVPDGHLQDEVWUDFWLYHDXWRPDWLFWH[WVXPPDUL]DWLRQDVZHOOEXWGXHWKHUHTXLUHPHQWRI
ODUJHGRPDLQNQRZOHGJHDQGWKDWWRRIRUVSHFLILFGRPDLQVLVQRWSUHIHUUHG$QRWKHUUHDVRQLVWKDWLQIRUPDWLRQIXVLRQ
WKDW LV WKHPRVW GLIILFXOW SDUW RI DEVWUDFWLYH WH[W VXPPDUL]DWLRQ0XOWL GRFXPHQW VXPPDUL]DWLRQZKHUH IRUPDQ\
GRFXPHQWVDVLQJOHVXPPDU\QHHGVWREHJHQHUDWHGLVDOVRLPSRUWDQWQRZDGD\GXHWRGLIIHUHQWVRXUFHVRIWKHVDPH
WRSLFRILQIRUPDWLRQ6WDWLVWLFDOPHWKRGVIRUH[WUDFWLYHWH[WVXPPDUL]DWLRQGRQRWXVHPXFKGRPDLQNQRZOHGJHEXW
LQVWHDGWKH\ZRUNRQWKHDYDLODEOHLQIRUPDWLRQFRQWHQWRQWKHVRXUFHGRFXPHQW5HVWRIWKHSDSHULVRUJDQL]HGDVLQ
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VHFWLRQZHGLVFXVV UHODWHGZRUN LQ WKH DUHDRI H[WUDFWLYH WH[W VXPPDUL]DWLRQ ,Q VHFWLRQZHGLVFXVV SURSRVHG
IHDWXUH SULRULW\ EDVHG H[WUDFWLYH WH[W VXPPDUL]DWLRQ PHWKRG  6HFWLRQ  GLVFXVVHV UHVXOWV DQG SHUIRUPDQFH
HYDOXDWLRQ,QVHFWLRQZHFRQFOXGHWKHSDSHU
2. Related Work 
,QWKLVVHFWLRQZHZLOOUHYLHZZRUNGRQHVRIDULQWKHDUHDRIH[WUDFWLYHDXWRPDWLFWH[WVXPPDUL]DWLRQ5HVHDUFK
ZRUNVWDUWHGLQWKLVDUHDVWDUWHGLQVEXWVWLOOZHDUHODFNLQJZLWKHIILFLHQWPHWKRGVWKDWFDQJHQHUDWHVXPPDULHV
OLNHKXPDQVRUSURIHVVLRQDOV1RZDGD\VZLWKODUJHYROXPHRIWH[WFRQWHQWDYDLODEOHRQOLQHPXFKPRUHHIIRUWVDUH
UHTXLUHG WR SHUIRUP WH[W VXPPDUL]DWLRQ $W WKH VWDUW /XKQ >@ LQ  SURSRVHG WKH PHWKRG WKDW XWLOL]HG WHUP
IUHTXHQF\ WR VFRUH WKH VHQWHQFHV+H XVHG VHQWHQFH VLJQLILFDQFH DORQJZLWK WHUP IUHTXHQF\ DQG VXPPHG XS WKH
IUHTXHQF\YDOXHV IRU D SDUWLFXODU VHQWHQFH WR JHW WKH VFRUH7RS VFRULQJ VHQWHQFHVZHUH VHOHFWHG DV WKH VXPPDU\
VHQWHQFHV/DWHU%D[HQGDOH>@LQSURSRVHGVHQWHQFHORFDWLRQDVDVFRULQJFULWHULRQDORQJZLWKWHUPIUHTXHQF\
WRVFRUHWKHVHQWHQFHV(GPXQGVXQ>@LQSURSRVHGWZRPRUHIHDWXUHVIRUVHQWHQFHVFRULQJ7LWOHVLPLODULW\DQG
&XHZRUGIHDWXUHDOVRLQFOXGHGIRUVHQWHQFHVFRULQJDORQJZLWKHDUOLHUWZRIHDWXUHV+HSURSRVHGFRPELQDWLRQVRI
DOO IRXU DQG DQDO\]HG WKH UHVXOWV IRU GLIIHUHQW FRPELQDWLRQV 5XVK HW DO >@ LQ  XVHG VHQWHQFH UHMHFWLRQ
PHWKRGRORJ\XVLQJGLIIHUHQWVHWRIUXOHV/DWHULWZDVXVHGLQIRUJHQHUDWLRQRIFKHPLFDODEVWUDFWV>@/DWHULQ
+RY\DQG/LQ>@H[SHULPHQWHGWKDWSRVLWLRQPHWKRGFDQQRWSURGXFHHIILFLHQWVXPPDULHVIRUDOOGRPDLQV,Q
0($' >@ ZDV GHYHORSHG WKDW XVHG IHDWXUHV VXFK DV 7),') 6HQWHQFH /RFDWLRQ &XH:RUGV DQG /RQJHVW
&RPPRQ6XEVHTXHQFHVIRUVHQWHQFHVFRULQJ1REDWDHWDO>@XVHGVHQWHQFHORFDWLRQVHQWHQFHOHQJWK7),')
YDOXHVRIZRUGVKHDGOLQHVLPLODULW\DQGTXHU\WRVFRUHVLJQLILFDQWVHQWHQFHV7KH\FRPSDUHGWKHLUPHWKRGZLWK7)
EDVHGDQG/HDGEDVHGPHWKRGV9DUPDHWDO>@XVHGIHDWXUHVVXFKDVVHQWHQFHSRVLWLRQSUHVHQFHRIYHUELQ
VHQWHQFH UHIHUHQFLQJ SURQRXQV OHQJWK RI WKH VHQWHQFH WHUP IUHTXHQF\ OHQJWK RI ZRUGV SDUWV RI VSHHFK WDJ
IDPLOLDULW\RIWKHZRUGQDPHGHQWLW\WDJRFFXUUHQFHDVKHDGLQJRUVXEKHDGLQJDQGIRQWVW\OHWRVFRUHWKHVHQWHQFHV
)DWWDKDQG5HQ>@SURSRVHGWUDLQDEOHPRGHOVJHQHWLFDOJRULWKPPDWKHPDWLFDOUHJUHVVLRQIHHGIRUZDUGQHXUDO
QHWZRUNV SUREDELOLVWLF QHXUDO QHWZRUN DQG *DXVVLDQ PL[WXUH PRGHO IRU WH[W VXPPDUL]DWLRQ 7KH\ XVHG YDULRXV
IHDWXUHV OLNH VHQWHQFHSRVLWLRQSRVLWLYHNH\ZRUGQHJDWLYHNH\ZRUG VHQWHQFH FHQWUDOLW\ VHQWHQFH UHVHPEODQFH WR
WKH WLWOHQDPHGHQWLW\ LQVHQWHQFHQXPHULFDOGDWD VHQWHQFH UHODWLYH OHQJWKEXV\SDWKRIVHQWHQFHVDQGDJJUHJDWH
VLPLODULW\ IRU WKHSXUSRVHRI WUDLQLQJ WKHPRGHO IRU WH[W VXPPDUL]DWLRQ3UDVDG	.XODNDUQL>@XVHGZRUG
VLPLODULW\DPRQJSDUDJUDSKZRUGVLPLODULW\DPRQJVHQWHQFH LWHUDWLYHTXHU\VFRUHIRUPDWEDVHGVFRUHQXPHULFDO
GDWDFXHZRUGVWHUPIUHTXHQF\WKHPDWLFIHDWXUHDQGWLOHVLPLODULW\DVIHDWXUHVWRVFRUHWKHVHQWHQFHV7KHDSSOLHG
VRPH HYROXWLRQDU\ DSSURDFKHV DV ZHOO IRU VXPPDU\ SURGXFWLRQ $EXRELHGD HW DO >@ XVHG WLWOH IHDWXUH
VHQWHQFHOHQJWKVHQWHQFHSRVLWLRQQXPHULFDOGDWDDQGWKHPDWLFZRUGVDVIHDWXUHVIRUVFRULQJVHQWHQFHV7KH\XVHG
JHQHWLFDOJRULWKPV WR ILQDOGHVLJQRI WKHIHDWXUHVSDFH5DIDHOHWDO >@ LQGHHSO\DQDO\]HGDOO WKHVHQWHQFH
VFRULQJ IHDWXUHV XVLQJ 528*8( >@ HYDOXDWLRQPDWULFHV0HQGR]D HW DO >@ XVHG VHQWHQFH SRVLWLRQ WLWOH
VLPLODULW\VHQWHQFHOHQJWKFRKHVLRQDQGFRYHUDJHDVWKHIHDWXUHVRIWKHREMHFWLYHIXQFWLRQ7KH\XVHGRSWLPL]DWLRQ
WHFKQLTXHVDORQJZLWKHYROXWLRQDU\DOJRULWKPVIRUILQDOVXPPDU\JHQHUDWLRQ$OODERYHUHVHDUFKHUVVFRUHGVHQWHQFHV
RQ WKHEDVLVRIVRPHIHDWXUHV0RVWRI WKHUHVHDUFKHUVJDYHHTXDOZHLJKW WR WKHDOO IHDWXUHV LQFOXGHGIRUVHQWHQFH
VFRULQJ5DIDHOHWDO>@LQWULHGWKHFRPELQDWLRQVRIGLIIHUHQWZRUGVHQWHQFHDQGJUDSKOHYHODOJRULWKPVIRU
VHQWHQFHVFRULQJ,Q0HHQDDQG*RSDODQL>@UHYLHZHGIHDWXUHVIURPDYDLODEOHVRXUFHVDQGDQDO\]HGWKH
UHVXOWVRQGLIIHUHQWFRPELQDWLRQVRIIHDWXUHV
3.  Proposed Work: 
,QRXUSURSRVHGDSSURDFKZHKDYHWULHGWRLPSURYHWKHHIILFLHQF\DVZHOODVWKHUHDGDELOLW\RIWKHVXPPDU\)RU
WKHSXUSRVHRIUHDGDELOLW\ZHKDYHVWDUWHGRXUVXPPDU\ZLWKWKHILUVWVHQWHQFHDQGHQGHGZLWKWKHODVWVHQWHQFHRI
WKH VXPPDU\ WKHVH VHQWHQFHV QRW RQO\ LPSURYH WKH UHDGDELOLW\ EXW WKH\ DUH DOVR SDUW RI WKH LPSRUWDQW VHQWHQFHV
DFFRUGLQJ WR WKH VHQWHQFH ORFDWLRQ IHDWXUH 7R VHOHFW LQWHUPHGLDWH VHQWHQFHV ZH KDYH XVHG WKUHH IHDWXUHV 7KH
IHDWXUHVWKDWZHKDYHXVHGDUH7),6)1DPHG(QWLW\SUHVHQFH3URSHU1RXQSUHVHQFH7HUPIUHTXHQF\RIDWHUPWLQ
DGRFXPHQW'LVEDVLFDOO\ WKHQXPEHURI WLPHV WKH WHUPRFFXUV LQGRFXPHQW'7RFDOFXODWH7HUP)UHTXHQF\ZH
KDYHXVHGHTXDWLRQ
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
  
,QYHUVH VHQWHQFH IUHTXHQF\ LVDYDULDWLRQRI LQYHUVHGRFXPHQW IUHTXHQF\ZKLFK VXJJHVWV WKDW LI D WHUP LV OHVV
IUHTXHQWLQZKROHFRUSXVWKDQLWLVLPSRUWDQWIRURXUGRFXPHQW6LPLODUO\,6)VXJJHVWVWKDWLIDWHUPLVOHVVIUHTXHQW
LQZKROHGRFXPHQWWKDQLWLVPRUHLPSRUWDQWIRURXUVHQWHQFH(TXDWLRQLVXVHGWRFDOFXODWH,6)6HFRQGIHDWXUH
WKDWZHKDYHXVHGLV1DPHG(QWLW\SUHVHQFH6WDQIRUG1(5LVXVHGWRLGHQWLI\DOOWKHQDPHGHQWLWLHVSUHVHQWLQWKH
VHQWHQFH7KHVHQWHQFHVDUHVFRUHGRQWKHEDVLVRI1DPHG(QWLWLHVSUHVHQW LQ WKHP/DVWO\ZHKDYHXVHG6WDQIRUG
3267DJJHUIRURXUWKLUGIHDWXUHZKLFKLV3URSHU1RXQIHDWXUH$FFRUGLQJWRWKLVIHDWXUHVHQWHQFHVZKLFKFRQWDLQ
SURSHUQRXQVDUHWKHPRVWLPSRUWDQWDQGFRQYH\PD[LPXPLQIRUPDWLRQ7KHVHIHDWXUHVDUHXVHGWRILOWHUVHQWHQFHVDW
WKUHHOHYHOV3URSRVHGIHDWXUHSULRULW\EDVHGVHQWHQFHILOWHULQJDOJRULWKPLVVKRZQLQ7DEOH
7DEOH)HDWXUH3ULRULW\)LOWHULQJ$OJRULWKP
$OJRULWKP)HDWXUH3ULRULW\)LOWHULQJ$OJRULWKP
¾ &RPSXWH7),6)VFRUHIRUHDFKWHUP
¾ &DOFXODWH7),6)6FRUHRIVHQWHQFHVRQWKHEDVLVRIWHUPVSUHVHQWLQWKHVHQWHQFH
¾ 6HOHFWWRSVHQWHQFHVRQWKHEDVLVRI7),6)VFRUH
¾ $SSO\QDPHGHQWLW\UHFRJQL]HURQVHOHFWHGVHQWHQFHV
¾ 6HOHFWWRSVHQWHQFHVRQWKHEDVLVRIQDPHGHQWLW\SUHVHQFH
¾ $SSO\326WDJJLQJRQVHOHFWHGVHQWHQFHV
¾ 3XWWKHVHQWHQFHVLQDOLVW/LQGHFUHDVLQJRUGHURIWKHLUVFRUHXVLQJSURSHUQRXQV
¾ 7R  JHQHUDWH D  VXPPDU\ RI Q GRFXPHQWV VHOHFW ILUVW VHQWHQFH RI WKH GRFXPHQW DQG DGG LW WR WKH
VXPPDU\WKHQVHOHFWQWRSVHQWHQFHVRWKHUWKDQILUVWDQGODVW IURP/DGGWKHPWRVXPPDU\7KHQ
DGGWKHODVWVHQWHQFHWRWKHVXPPDU\

2XUSURSRVHGDSSURDFKFRQVLVWVRIWKUHHVWHSV

Step-1 Preprocessing:,QWKLVVWHSWKHGDWDLVSUHSURFHVVHGXVLQJWKHPHWKRGWKDWZHKDYHDOUHDG\GLVFXVVHGLQ
WKLVSDSHU,QSUHSURFHVVLQJZHGLVFDUGHGWKHVHQWHQFHVZKRVHOHQJWKZDVOHVV WKDQZRUGVRUJUHDWHU WKDQ
ZRUGV
Step-2 Sentence filtering: 6HQWHQFHILOWHULQJKDVEHHQDSSOLHGLQWKUHHOHYHOV2QHIHDWXUHLVXVHGWRILOWHUVRPH
VHQWHQFHVDWHDFKOHYHO$WILUVWOHYHOZHKDYHXVHG7),6)IHDWXUH7KHVHQWHQFHVDUHVFRUHGRQWKHEDVLVRI7)
,6)VFRUHRIWKHWHUPVSUHVHQWLQWKHP(TXDWLRQLVXVHGWRFDOFXODWH7HUP)UHTXHQF\DQGHTXDWLRQLVXVHGWR
&DOFXODWH,QYHUVH6HQWHQFH)UHTXHQF\RIWKHWHUPV

RIWKHVHQWHQFHVDUHILOWHUHGLQWKLVOHYHO$IWHUWKLVZH
VFRUH WKH VHQWHQFHV RQ WKH EDVLV RI SUHVHQFH RI 1DPHG (QWLWLHV LQ WKH VHQWHQFH $JDLQ  RI UHPDLQLQJ
GRFXPHQWV DUH ILOWHUHG DW WKLV OHYHO )LQDOO\ RQ UHPDLQLQJ  VHQWHQFHVZH DSSO\ 326 WDJJLQJ WR VFRUH WKH
VHQWHQFHVRQ WKHEDVLVRISUHVHQFHRI3URSHU1RXQV$IWHU WKLV WKH VHQWHQFHVDUH VWRUHG LQGHFUHDVLQJRUGHURI
WKHLULPSRUWDQFH
Step-3 Summary Generation:,QWKLVVWHSZHJHQHUDWHDVXPPDU\ZLWKWKHKHOSRIWRSVFRULQJVHQWHQFHV7KH
ILUVWVHQWHQFHRIWKHGRFXPHQWLVDGGHGWRWKHVXPPDU\ILUVW$IWHUWKDWZHVHOHFWQWRSVHQWHQFHVIURPWKHOLVW
RIVHQWHQFHVJHQHUDWHGDIWHU326VFRULQJ7KHVHVHQWHQFHVDUHDUUDQJHGDFFRUGLQJWRWKHLULQLWLDOSRVLWLRQLQWKH
GRFXPHQWDQGDGGHGWRVXPPDU\$IWHUWKHVHVHQWHQFHVWKHODVWVHQWHQFHRIWKHGRFXPHQWLVDGGHGWRVXPPDU\

,IVHQWHQFHVDUHVFRUHGDVXVLQJUHVSHFWLYHIHDWXUHZKHUHILOWHULQJKDVWREHGRQHWKH\ZLOOEHUDQNHGDVSHUWKH
RUGHUWKH\DSSHDULQWKHRULJLQDOWH[W,IWKHUHLVDWLHLQVFRUHVWKHQOLPLWRISHUFHQWFDQEHH[WHQGHGWLOOWKH
VDPHUDQNHGVHQWHQFHV$VLQLWLDOO\ZHDUHVFRULQJWKHVHQWHQFHVXVLQJ7),6)VRWKHUHLVQRWDQ\SUREOHP%XW
M)UHTXHQF\'M
L)UHTXHQF\GLW7) PD[

ORJ
LV
6
LW,6)
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LQFDVHRI326WDJJLQJDQG1DPHG(QWLW\WKLVLVVXHPLJKWDULVH:KLOHDSSO\LQJQDPHGHQWLW\UHSODFHPHQWVRI
WKHVDPHHQWLW\ZLWKGLIIHUHQWQDPHVVKRXOGEHFRQVLGHUHGDVRQHHQWLW\
4. Results & Analysis 
:HXVHGGRFXPHQWVIURP'8&GDWDVHWWRHYDOXDWHRXUDOJRULWKP)RUWKHSXUSRVHRIDVVHVVPHQWRIUHVXOWV
ZHKDYHXVHG528*(PHWULF528*(TFKHFNVIRUWKHSUHVHQFHRIHDFKLQGLYLGXDOZRUGLQWKHV\VWHPJHQHUDWHG
VXPPDU\ZKLFK LVSUHVHQW LQ WKHJROG VXPPDU\)LUVWZHDSSOLHG DOOSRVVLEOH FRPELQDWLRQVRI IHDWXUHVQDPHO\
6HQWHQFH ORFDWLRQ 6HQWHQFH FHQWUDOLW\ 7),6) 6HQWHQFH OHQJWK FXWRII 1DPHG (QWLW\ UHFRJQLWLRQ :RUG FR
RFFXUUHQFH3URSHUQRXQSUHVHQFH7KHQZHDSSOLHGRXUDOJRULWKPRQDOOWKHGRFXPHQWVWKHUHODWLYHSHUIRUPDQFH
LV VKRZQ LQ 7DEOH  IRU )0HDVXUH FRPSDULVRQ 7DEOH IRU 5HFDOO FRPSDULVRQ DQG 7DEOH  IRU 3UHFLVLRQ
FRPSDULVRQ
7DEOH)0HDVXUH&RPSDULVRQ
'RFXPHQW
1XPEHU
%HVW)HDWXUH6HW )0HDVXUH9DOXHRI%HVW)HDWXUH
6HW
)0HDVXUH9DOXHRI3URSRVHG
$OJRULWKP
   
   
   
   
   
   
   
   
   
     
7),')&RRFFXUUHQFH6HQWHQFH&HQWUDOLW\6HQWHQFH/RFDWLRQ1DPHG(QWLW\3URSHU1RXQ
7DEOH5HFDOO&RPSDULVRQ
'RFXPHQW
1XPEHU
%HVW)HDWXUH6HW 5HFDOO9DOXHRI%HVW
)HDWXUH6HW
5HFDOO9DOXHRI3URSRVHG
$OJRULWKP
   
   
   
   
   
   
   
   
   
   
7DEOH3UHFLVLRQ&RPSDULVRQ
'RFXPHQW
1XPEHU
%HVW)HDWXUH6HW 3UHFLVLRQ9DOXHRI%HVW
)HDWXUH6HW
3UHFLVLRQ9DOXHRI
3URSRVHG$OJRULWKP
   
   
   
   
   
   
   
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   
   
   
7KHUHVXOWVDUHQRWYHU\KLJKVLQFH528*(1ZRUNVRQWKHEDVLVRIZRUGWRZRUGPDWFKLQJDQGZHKDYH
XVHGDEVWUDFWLYHJROGVXPPDULHV ,Q WKH WDEOHZHFDQFOHDUO\VHH WKDWPRVWRI WKHEHVWRXWSXWV IRUHDFKGRFXPHQW
FDPH RQ GLIIHUHQW IHDWXUH VHWV LI ZH FRQFHQWUDWH RQ D VLQJOH IHDWXUH VHW WKHVH UHVXOWV JHW ZRUVH +RZHYHU RXU
DOJRULWKPJDYHSUHWW\ FRQVLVWHQW UHVXOWV DQGRXURXWSXW VXPPDU\ LV DOVRPRUH UHDGDEOH WKDQRWKHU DSSURDFKHV ,Q
WDEOHIRUGRFXPHQWDQGRXUUHVXOWVZHUHEHWWHUWKDQWKHEHVWIHDWXUHVHWV)RUGRFXPHQWDQGDOVR
RXUUHVXOWVZHUHFRPSDUDEOHWREHVWIHDWXUHVHWV+RZHYHUIRUGRFXPHQWDQGWKH\ZHUHSUHWW\ORZEHFDXVHLQ
GRFXPHQW6HQWHQFHORFDWLRQZDVPRUHLQIOXHQWLDOIHDWXUH+RZHYHURQDQDYHUDJHRXUDOJRULWKPJDYHPXFKEHWWHU
UHVXOWVWKDQDQ\RWKHUIHDWXUHVHWLQGLYLGXDOO\$OVRZHFDQVHHLQ7DEOHIRUGRFXPHQWVDQGUHFDOOV
DUH JRRG DQG FRPSDUDEOH WR UHVXOWV RI EHVW IHDWXUH VHWV 7DEOH  LV VKRZLQJ WKH FRPSDULVRQ RI SUHFLVLRQ RI
VXPPDULHV)RUPRVWRIWKHGRFXPHQWVZHJRWUHVXOWVDVJRRGDVWKHZLWKEHVWIHDWXUHVHWV
5. Conclusion & Future Work 
7KLV SDSHU VXJJHVWV WKDW LW LV QRW HDV\ WR ILQG DQ HIILFLHQW H[WUDFWLYH VXPPDU\ RI WH[W XVLQJ GLIIHUHQW IHDWXUH
FRPELQDWLRQV6SHFLILFFRPELQDWLRQVFDQJLYHKLJKHUHIILFLHQF\EXWRQO\RQRQHRUIHZGRFXPHQWV1HZVGRFXPHQWV
HVSHFLDOO\ RXU DOJRULWKP SHUIRUPV FRQVLVWHQWO\ RQ DOO GRFXPHQWV DV LW WDNHV WKH DGYDQWDJH RI VHQWHQFH ORFDWLRQ
IHDWXUH 7),6) 1DPHG (QWLW\ DQG 3URSHU 1RXQV DUH JRRG LQGLFDWRUV WR LQFOXGH WKH VHQWHQFHV LQ WKH VXPPDU\
3URSRVHGDSSURDFKPD\EHH[WHQGHGZLWKVRPHVHPDQWLFIHDWXUHVZLWKPRUHILOWHULQJOHYHOV6RPHGLVFRXUVHEDVHG
IHDWXUHVZLOODOVREHLQFOXGHGLQIXWXUHUHVHDUFK
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